Background: Intravenous immunoglobulin (IVIG) IQYMUNE® is a highly purified 10% IVIG that was assessed using the new stringent definition of response described in the revised guideline on the clinical investigation of IVIG. The efficacy and the safety of IQYMUNE® were investigated in adult patients with chronic primary immune thrombocytopenia (ITP).
Introduction
Immune thrombocytopenia (ITP) is an autoimmune disorder characterized by a platelet count lower than 100 × 10 9 /L and an increased risk of bleeding [1] . Patients with ITP mostly experience mild mucocutaneous hemorrhages such as purpura or ecchymosis [2] . Occasionally, when the platelet count falls below 20 × 10 9 /L, life-threatening hemorrhages, such as gastrointestinal or intracranial bleeding, may occur [3] .
Immune thrombocytopenia develops when autoantibodies target platelet glycoproteins, such as GPIIb/IIIa, and megakaryocytes. This leads to platelet destruction and suboptimal platelet production [4, 5] . Initial treatment for ITP, which is intended to increase the platelet count rapidly, includes glucocorticoids, intravenous immunoglobulins (IVIGs), and intravenous anti-D (Rho) globulin in Rh (+) patients [6] . The mechanism of action of IVIG in ITP includes mainly the blockade of Fcγ receptor on macrophages, which spares opsonized platelets from Fcγ receptor-mediated phagocytosis and induces the acceleration of anti-platelet antibody elimination linked to the saturation of neonatal Fc receptor [7] .
Since the initial 1981 report by Imbach et al [8] , several IQYMUNE: LFB IVIG 10% in ITP J Hematol. 2018;7(3):87-95 studies have confirmed the efficacy of IVIG in patients with ITP [9] [10] [11] [12] [13] . IVIGs remain of critical importance in the treatment of ITP including in the current protocols, in which the introduction of rituximab and thrombopoietin-receptor agonists (TPO-RA) have contributed to a more effective treatment of this disorder. IVIGs have proven to result in a more rapid control of bleeding manifestations in ITP presenting with wet purpura; and its use, associated with corticosteroids, is a common clinical practice in the management of "acute" situations [14] . Similarly, IVIG administration remains the most effective and rapid rescue treatment in patients who are no longer responsive to treatment with other agents, including TPO-RA. Finally, during pregnancy, IVIG has proven to be safe, not associated with any fetal damage, and the only available treatment in case of intolerance to corticosteroids [6, 15] . Bleeding control after IVIG infusion has been observed even in cases not showing a proportional platelet increase, thus possibly indicating that platelets are consumed at the patients' bleeding sites [16, 17] . IVIG IQYMUNE® is a highly purified, sugar-free, saltfree, and ready-to-use liquid IVIG that was developed using the Quality by Design approach. This standard of quality, which has been recommended by the United States Food and Drug Administration and the European Medicines Agency (EMA) since 2011 [18] , was introduced in the IQYMUNE® manufacturing process in 2007. Three purification steps by precipitation or chromatography and two dedicated viral removal steps were specifically developed to drive the IQY-MUNE® purification process and to meet the five key objectives: 1) Removal of activated coagulation factors to reduce the risk of thromboembolic adverse events; 2) Removal of IgA to avoid immune responses (anaphylactic reactions) in patients with IgA deficiency; 3) Removal of anti-A and anti-B hemagglutinins to prevent hemolysis events in patients with A, B, or, AB blood groups; 4) Reduction of aggregates to avoid adverse events through complement activation; 5) Reduction of potential blood-borne pathogens.
In this phase III study, the efficacy and safety of IQY-MUNE® were investigated in adult patients with chronic primary ITP. To our knowledge, this study is one of the first studies to be designed using the revised 2010 EMA guideline on the clinical investigation of human immunoglobulins for intravenous administration [19] .
Materials and Methods
This prospective, single-arm, multicentre, open-label, phase III study was conducted in Europe from February 2012 to May 2013 in order to investigate the efficacy and safety of IQY-MUNE® (LFB Biomedicaments, Les Ulis, France) over 30 days in adult patients with chronic primary ITP and a platelet count < 30 × 10 9 /L. The protocol was designed based on the revised EMA guidelines on clinical investigation of IVIG dated July 2010 [19] and was approved by the Independent Ethics Committees of each center. The study was conducted in accordance with the principles of the Declaration of Helsinki, ICH Good Clinical Practice, and relevant national laws. Written informed consent was obtained from each patient.
Patients were treated with IQYMUNE® at a total dose of 2 g/kg body weight administered over 2 consecutive days (1 g/ kg on Day 1 and 1 g/kg on Day 2). The infusion starting rate was 1 mL/kg/h for 30 min. If well tolerated, the rate was increased gradually to a maximum of 4 mL/kg/h during the first infusion and to a maximum of 8 mL/kg/h during the second infusion.
Study patients
Adult patients were eligible for enrolment in the study if they were between 18 and 65 years of age and had been diagnosed with primary ITP for at least 12 months prior to study entry. At the time of inclusion, platelet count had to be < 30 × 10 9 /L. Immune thrombocytopenia had to have been originally diagnosed according to three standard criteria: 1) Isolated thrombocytopenia with a platelet count < 100 × 10 9 /L and no abnormality of cells of other hematological lineages; 2) A normal bone marrow aspirate or a history of response to ITP treatment (corticosteroids, IVIG, anti-D); and 3) Absence of other causes of thrombocytopenia. Patients on long-term stable or decreasing corticosteroid therapy over the previous 4 weeks or with refractory ITP were allowed.
The main exclusion criteria were severe hemorrhagic syndrome at inclusion; splenectomy within the previous 2 months, history of allergy or serious adverse reaction to immunoglobulin therapy, presence of anti-immunoglobulin A antibodies, a glomerular filtration rate (GFR) < 80 mL/min/1.73 m 2 according to the Modification of Diet in Renal Disease (MDRD) formula, levels of alanine aminotransferase or aspartate aminotransferase > 3 times the upper limit of normal, levels of total bilirubin > 2 times the upper limit of normal, protein-losing enteropathy or nephrotic syndrome, history of thrombosis within the past 12 months, history of hemolysis or hemolytic anemia with IVIG therapy, pregnancy, and breastfeeding.
Concomitant treatments that could interfere with the efficacy or safety assessment were not allowed. Such drugs included loop diuretics within the previous week and anticoagulants within 15 days prior to study drug infusion; cyclosporin A, IVIGs, anti-D antibody, immunosuppressors such as azathioprine and cyclophosphamide, thrombopoietin receptor agonists, and immunomodulators during the previous month; rituximab during the previous 4 months; and danazol during the previous 6 months. Premedication prior to the first infusion was forbidden. Paracetamol, antihistamines (chlorpheniramine), hydroxyzine, and antiemetics were allowed before the second infusion in patients who experienced an adverse reaction during or soon after the first infusion.
Efficacy endpoints
The primary efficacy endpoint was Response defined as a platelet count ≥ 30 × 10 9 /L and a ≥ 2-fold increase from baseline at two visits that were at least 7 days apart; the absence of new bleeding between the end of the last infusion and the Rodeghiero et al J Hematol. 2018;7(3):87-95 second visit in which platelet count criteria were met (at least 7 days after the first visit); and no use of forbidden medication (medication that could increase platelet count and/or induce bleeding cessation) between enrolment and the second visit in which platelet count criteria were met (at least 7 days after the first visit). The secondary efficacy endpoints were Complete Response, using the same definition as Response but with a threshold platelet count ≥ 100 × 10 9 /L; the time to Response/ Complete Response (number of days between the start of the first infusion and the first day Response/Complete Response was observed); the duration of Response/Complete Response (number of days between the first day of Response/Complete Response and the last day when Response/Complete Response was observed); the maximum platelet count; the time to maximum platelet count; and response according to the previous EMA guideline definition (baseline platelet count ≤ 20 × 10 9 /L and a platelet count ≥ 50 × 10 9 /L on at least one evaluation on or before Day 5) [20] . Other secondary efficacy parameters included regression of baseline bleeding.
Blood samples for platelet determination were drawn on Day 1 pre-infusion, Day 2 post-infusion, on Days 3, 4, 5, 6, 7, 9, 11, Day 14 ± 1, Day 21 ± 1, and Day 30 ± 1. Bleeding was assessed at the hospital by the physician at baseline (Day 1) and on Days 2, 14, and 30 using the World Health Organization and the Khellaf bleeding scores [21] . In addition, patients kept a daily home diary record of all bleeding symptoms. The use of forbidden concomitant medication, defined as any medications that could induce a platelet count increase and/or interfere with the assessment of bleeding, was documented at each hospital visit.
Safety evaluation
Patients were monitored for safety at each hospital visit and between visits using home diaries. Treatment-emergent adverse events (TEAE) were defined as any adverse event (AE) occurring between the start of the first infusion and the end of the study. Temporally associated adverse events (TAAEs) were defined as AEs occurring between the start of infusion and 72 h after the end of infusion.
Vital signs were assessed before the start of infusions, during infusions, and within 30 min after the end of infusions. Blood samples were collected for routine safety hematology and biochemistry parameters on Day 1 pre-infusion, on Day 2 post-infusion, on Day 14, and at the last study visit.
Statistical analysis
In accordance with the EMA guidelines [19] , a cohort of 30 adults with chronic primary ITP patients and a baseline platelet count of < 30 × 10 9 /L is required to evaluate the efficacy and safety of an investigational IVIG. In order to obtain at least 30 evaluable patients, assuming a 25% drop-out rate, 40 patients needed to be included.
Primary and secondary efficacy variables were evaluated in the full analysis set, which was defined as all patients who received the study drug at least once and who had a platelet count < 30 × 10 9 /L at baseline and at least one subsequent platelet count during the study period. For robustness, the primary efficacy variable was also evaluated in the per-protocol population, which was defined as all patients in the full analysis set who had no major deviations from the protocol. Major protocol deviations included major inclusion/exclusion criteria violations and deviations preventing the evaluation or leading to an incorrect analysis of the primary efficacy endpoint. Safety variables were evaluated in the population of all enrolled patients who received the study drug at least once.
Demographic variables and patient characteristics were analysed using descriptive statistics. The primary efficacy endpoint was analysed using descriptive statistics along with exact 95% Clopper-Pearson confidence intervals (CI). The secondary efficacy endpoints were analysed using descriptive summaries. Duration of Response/Complete Response was analysed by the Kaplan-Meier method and a time-to-event curve. The maximum platelet count and the time to maximum platelet count were estimated using the Hodges-Lehmann estimator and Kaplan-Meier method, respectively. The proportion of patients who responded to treatment according to the previous EMA guideline was calculated using descriptive statistics along with exact 95% Clopper-Pearson CIs. Missing observations were imputed using the last observation carried forward. All analyses were performed using SAS software version 9.1.3 (SAS Institute Inc., Cary, NC, USA).
Results
Nineteen centres in eight European countries enrolled 38 adult patients with chronic ITP. All 38 patients met the criteria of the full analysis set.
Patients age ranged from 18 to 60 years (mean of 37.2 ± 11.8 years) ( Table 1) . Fourteen patients were male (36.8%). Six patients had refractory ITP defined as the failure to achieve a response or loss of response after splenectomy. Patients had, on average, a history of 0.74 ± 2.03 acute episodes per month. The median time between the last acute episode and study enrolment was 3 months. A total of 35 patients (92.1%) had been previously treated for ITP, including 11 patients (28.9%) who had received IVIG.
Thirty patients (78.9%) had a history of bleeding. Three patients had experienced at least one life-threatening bleeding episode since diagnosis. Bleeding was present at baseline in 29 patients (40 events) and was categorized as mild in 25 patients (34 events), moderate in five patients (five events), and severe in one patient (extensive purpura).
A total of 73 infusions were administered during the study, 38 on the first day and 35 on the second day. Three patients received only one infusion of 1 g/kg due to moderate pyrexia/ headache/back pain (one patient), mild GFR decrease (one patient), and protocol deviation (one patient). One patient was inadvertently underdosed and received 0.3 g/kg/day on both infusion days; and one patient received 2.4 g/kg over 2 days. All other patients received the planned dose. The mean total dose was 1.89 ± 0.37 g/kg (range 0.6 to 2.4). 
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On Day 1, all the infusions were started at a flow rate of 0.5 mL/kg/h. The flow rate was subsequently increased to a mean maximum of 3.65 ± 0.80 mL/kg/h (range from 1 to 4 mL/kg/h), resulting in a mean infusion time of 4.87 ± 1.97 h. On Day 2, 14 infusions were administered at a maximum flow rate of ≤ 4 mL/kg/h, 11 infusions at a flow rate > 4 to ≤ 6 mL/ kg/h, and 10 infusions at a flow rate ≥ 6 -8 mL/kg/h (14 patients (40%) of which eight patients (23%) reached a flow rate of 8 mL/kg/h). The Day 2 mean maximum infusion rate was 5.33 ± 1.83 mL/kg/h and mean infusion time was 4.10 ± 1.57 h. Modifications of flow rate due to adverse event included a decrease in rate due to mild pyrexia that occurred at 6.0 mL/ kg/h (one patient), a temporary interruption of infusion due to a mild anaphylactoid reaction (one patient) and an interruption of infusion due to recurrent moderate headache (one patient).
Efficacy
Three patients were excluded from the per-protocol analysis. Reasons for exclusion were hydrocortisone injections on Day 1 and 2 (one patient); premature withdrawal from the study on Day 2 due to drug-related fever, headache and back pain (one patient); and secondary ITP diagnosis obtained after completion of the study based on a seropositive human immunodeficiency virus (HIV) test performed at study entry.
The primary efficacy endpoint, Response (Table 2) , was reached by 24 patients corresponding to 63.2% of patients in the full analysis set (95% CI: 46.0; 78.2) and 68.6% of patients in the per-protocol set (95% CI: 50.7; 83.1). The median time to Response was 1 day (range 1 to 6 days). The estimated median duration of Response was 13.5 days (95% CI: 10; 20).
A Complete Response (Table 2) 
Platelet assessments
Mean platelet count increased from 16.7 × 10 9 /L at baseline to 45.4 × 10 9 /L on Day 2 post-infusion, reached a mean peak value of 139.4 × 10 9 /L on Day 7, then decreased to 81.8 × 10 9 /L on Day 14, and continued to decrease gradually until Day 21 (Fig. 1) . The maximum platelet count per patient (Table 2) 
Bleeding assessments
Twenty-one of the 29 patients (72.4%) with bleeding at baseline improved their Khellaf score by Day 14. In 16 patients (55.2%), bleeding completely resolved; in six patients (20.7%) bleeding was stable; and in two patients, bleeding worsened. In one of these two patients, worsening led to red blood cell transfusions on Day 5 due to an aggravation of chronic genital bleeding. The number of patients with no bleeding varied from 9/37 (23.7%) at baseline to 11/36 (30.6%) on Day 2, 21/31 patients (67.7%) on Day 14, and 18/29 patients (62.1%) at the end-of-study visit.
A total of 25 new hemorrhages in 15 patients (39.5%) oc- IQYMUNE: LFB IVIG 10% in ITP J Hematol. 2018;7(3):87-95 curred between the second infusion and the end-of-study visit, of which 20 occurred on or after Day 14. New bleeding events were mild (23 events; 13 patients) and moderate (two events; two patients). New hemorrhages that occurred in more than one patient were purpura/petechiae (eight events; six patients), epistaxis (five events; three patients), skin hemorrhage (three events; three patients), and contusion (two events; two patients).
Safety
A total of 89 TEAEs were reported in 31 patients (81.6%) ( Table 3) . Sixty-nine TEAEs were of mild intensity (77.5% of TEAEs; 18 patients), 18 were moderate (20.2% of TEAEs; 11 patients), and two were severe (2.2% of TEAEs; two patients).
The two severe TEAEs were not drug-related and consisted of an unintentional underdose of study medication (one patient) and a positive HIV test (one patient). A total of 67 drug-related TEAEs were observed in 25 patients. The most common drug-related TEAEs were headache (34.2% of patients), pyrexia (15.8%), creatinine renal clearance decrease or GFR decrease (10.5%), systolic blood pressure increase (7.9%), vomiting (7.9%), influenza-like illness (5.3%), arthralgia (5.3%), and nausea (5.3%).
In addition, in one patient, a transient anaphylactoid reaction consisting of swallowing disorder, acuphenia, and dyspnea was observed during the first infusion and resolved without sequelae after a temporary interruption of the infusion and intravenous hydrocortisone. Lastly, in one patient, a case of aseptic meningitis associating headache, nausea, and vomiting was reported. Recovery was complete after treatment of symptoms with medication.
Eight TEAEs, which occurred in seven patients, were serious adverse events (SAEs). Six of these SAEs were drug-related: aseptic meningitis (one patient), influenza-like illness (one patient), accidental overdose (one patient), underdose (one patient), in addition one patient experienced two concomitant SAEs which were vascular encephalopathy with hydrocephalus syndrome. All patients recovered without sequelae. The two other SAEs (previously mentioned) were positive HIV test (one patient) and creatinine renal clearance decreased (one patient) which were assessed as not related to study drug by physicians.
Sixty-four of the TEAEs, which occurred in 27 patients (71.1%), were TAAEs. 
Discussion
This prospective, single-arm, open-label, multicentre, phase III study is one of the first clinical trials to evaluate the efficacy of an IVIG in patients with chronic ITP using the stringent definition of Response from the revised EMA guideline dated July 2010. It takes into account the new standardization and definition criteria proposed by an International Working Group [1, 18] . IQYMUNE® showed a Response rate of 63.2% in the full analysis set (95% CI: 46.0; 78.2), a median time to Response of 1 day, and a median duration of platelet response of 13.5 days.
Using the definition of response of the previous EMA guideline [19] , a rate of 82.6% (95% CI: 61.2; 95.0) was obtained. This result is similar to that reported for other IVIG 10% preparations: 76.1% (95% CI: 63.5 -86.0) for Flebogamma Dif [12] , 80.0% (95% CI: 72.7 -87.3) for Octagam [13] , 80.7% (95% CI: 69.2 -89.3) for Privigen [17] , 91.7% (95% CI: 73.0 -99.0) for Intratect [9] , and 73.9% (95% CI 53.5 to 87.7) for Kiovig [18] . As expected, the revised endpoint resulted in a lower response rate since it requires a platelet count ≥ 30 × 10 9 /L with at least a 2-fold increase in the baseline level, the sustainability of this increase in platelet count for at least 7 The median time to Response of 1 day observed in the current study was shorter than the median times of 2 -4 days reported in the previously mentioned studies [9, [11] [12] [13] 22] . These data show that IQYMUNE® can rapidly increase the platelet count in patients presenting with, or at high risk of, severe bleeding. The median duration of Response of 13.5 days was within the range of 10 to 25.5 days reported in the literature [9, 11, 12, 22] . This duration of the response is enough to overcome a bleeding episode and to manage potentially hemorrhagic surgery.
Improvement of the bleeding status also provides evidence of the therapeutic effect of IVIGs [3] . Bleeding events reported in this study were representative of the disease and mainly related to subcutaneous tissue disorders (purpura, petechiae, and skin hemorrhage) or epistaxis. New bleeding events occurred with progressively increasing frequency and severity over the study period; they were mild and infrequent until Day 14 (five mild new events) and increased thereafter (18 mild and two moderate new events) platelet response decreased in some patients.
IQYMUNE® was well tolerated. Safety evaluations, including AEs, laboratory values, and vital signs did not uncover any unexpected safety issues. A total of 89 AEs were reported in 81.6% of patients. Although in our study perfusion rates were high (≥ 6 -8 mL/kg/h) in 40% of patients; comparable frequencies have been reported in the literature after administration of high-dose IVIG in ITP patients [9, 11, 23] . The most common treatment-related adverse reactions, which were similar to that found with other IVIG 10%, were mild or moderate headache and fever [11, 24, 25] . As pre-medication to prevent AEs was not allowed, it is likely that our design resulted in increased rates of headache, nausea, and vomiting compared to the rate that would be expected in clinical practice. The other frequent reactions were creatinine renal clearance decrease and systolic blood pressure increase, both of which are commonly noted after treatment with high dose IVIG. No cases of thrombosis, hemolysis, or renal failure were observed during the course of the study.
Overall, our results show that some manageable and reversible side effects due to IVIG may still occur. These side effects, which arise despite the progress made in the manufactur- ing procedures and strict quality control implementation, tend to be milder and less frequent in comparison with the previous generations of product. In fact, no treatments are devoid of risk in ITP, including TPO-RA, the most widely used agents. Up to 30% (or more) of patients are unresponsive or cannot tolerate these treatments and recent reports have highlighted a significant treatment-related morbidity [26] . In summary, IQYMUNE® administered at a dose of 1 g/ kg/day on 2 consecutive days was effective in increasing platelet count and preventing bleeding events. It was well tolerated in adult patients with chronic ITP.
